Objective/Hypothesis: The objective of this study was to examine sub-types of individuals with chronic fatigue syndrome based on variables that are associated with the energy envelope theory and to examine the role of coping strategies in explaining the differences found between the subtypes. Methods: Cluster analysis was used. Grouping variables included physical functioning, postexertional malaise severity, and the extent to which an individual was outside of the energy envelope. These clusters were evaluated using discriminant function analysis to determine whether they could be differentiated based on coping styles. Results: Cluster analysis identified three groups. Clusters 1 and 2 were consistent with the energy envelope theory. However, Cluster 3 was characterized by patients with the most impairment, but they were to a lesser extent exceeding their energy envelope. Coping strategies explained a small percentage (10%) of the variance in differentiating the clusters. Discussion: Energy maintenance may be associated with improved functioning and less severe symptoms for some. However, patients in Cluster 3 were closer to remaining within their energy envelope and also used higher levels of adaptive coping but were more impaired than Cluster 2. This suggests that adaptive coping strategies were not associated with improved health, as members of Cluster 3 were severely limited in functioning.
Chronic fatigue syndrome (CFS) is a debilitating and chronic illness. 1 Although contested, the most frequently used case definition is referred to as the Fukuda case definition. 2 This definition stipulates that an individual must experience six or more months of chronic, unexplained fatigue of new/definite onset that is not alleviated by rest and not the result of ongoing exertion. Further, to meet criteria for a diagnosis, an individual must experience at least 4 out of 8 definitional symptoms concurrently with this fatigue: sore throat, lymph node pain, muscle pain, joint pain, post-exertional malaise (PEM), headaches, memory and concentration issues, and unrefreshing sleep. Unfortunately, PEM is not a required symptom, even though it is considered a cardinal symptom of CFS, and several alternative case definitions require this symptom for a diagnosis. [3] [4] [5] PEM is a debilitating exhaustion/flu-like sickness that individuals with CFS experience after physical or mental exertion. It typically often lasts for more than 24 h. 3 It is associated with a worsening of other symptoms and reduced social, occupational, physical, and emotional functioning. The experience of PEM has been found to help discriminate individuals with CFS from those individuals with a primary major depressive disorder. Hawk et al. found that 100% of a sample of individuals with CFS reported PEM, while only 20% of individuals with major depressive disorder and 6% of healthy controls reported this symptom. 6 Further, Jason and Taylor performed a cluster analysis on individuals with CFS and controls and found that CFS patient clusters were best distinguished from healthy controls based on their reported levels of PEM severity. 7 As indicated above, the majority of patients with CFS experience PEM. Individuals with CFS have a limited energy capacity, and this lower threshold may make it easier to expend more energy than is readily available, thus contributing to their energy ''crashes.'' 8 PEM is typically triggered by over-exertion. However, walking a few blocks to the store or doing the dishes could characterize ''over-exertion'' for a patient with CFS. Pacing and staying within one's energy envelope have been advocated as one part of a treatment approach for patients with CFS dealing with PEM. 9 The energy envelope theory postulates that patients who maintain their expended energy at a level consistent with their available energy will have better health outcomes and quality of life compared to those who over-expend their energy levels. 10 Individuals who consistently exceed their energy envelope report poorer quality of life due to severe fatigue, increased disability, sleep difficulties, depression, and anxiety. 8 In contrast, those who can stay within this energy envelope report improvements in their physical functioning and decreased fatigue severity. 10 Brown et al. also found that those who were within their energy envelope before treatment showed more improvement in physical functioning and fatigue compared with those outside of their energy envelope. 11 Lipowski describes illness-specific coping as behaviors individuals employ during recovery and also behaviors employed to compensate for limitations their illness places on them. 12 Differences in coping strategies in CFS populations have been found based on ethnicity, 13 gender, and employment status. 14 Brown et al. found that individuals who had a longer illness duration employed adaptive coping strategies significantly more than those who had recently developed the illness. 15 Camacho and Jason studied patients who had recovered from CFS, those who had not recovered from CFS, and a non-CFS healthy control group. No significant differences were found between groups on measures of optimism, stress, and social support; however, those who had recovered spent less time focusing on symptoms than those who had not recovered. 16 In addition, those who had recovered in comparison to healthy controls more often used positive reinterpretation and growth strategies and thus may have benefitted from the experience of being ill in some ways. Some patients with CFS might use other coping strategies 17, 18 such as avoidance, 19 and these coping strategies may be associated with increased disability. 20 A few cognitive-behavioral treatment studies have incorporated strategies that help individuals with CFS reduce perfectionism. 21, 22 It has been suggested that some aspects of perfectionism lead to a higher use of maladaptive coping strategies, predisposing individuals to fatigue. 23 However, this proposed association between fatigue and perfectionism has not consistently been found in CFS populations. 24 There have been no previous investigations of the relationship between the energy envelope theory and perfectionism.
The proposed study aims to investigate distinct CFS subgroups based on selfreported levels of PEM severity, level of physical functioning, and the ability to stay within the ''energy envelope.'' In this exploratory study, we wanted to assess whether coping strategies would explain a significant portion of the difference observed between these subgroups. It was hypothesized that one subgroup would be outside their energy envelope, with more severe PEM and poorer physical functioning.
Method Participants
Participants with CFS were recruited for a non-pharmacological treatment trial 25 from the larger Chicago metropolitan area, relying mostly on physician referrals. Additionally, announcements were placed in newspapers and support groups were visited. In total, 114 individuals were included. Of these 114, 46% were referred by physicians, 34% through media advertisements, and 20% from other sources (e.g. heard about the study through a friend or family member). Participants recruited from these different sources did not differ sociodemographically. All participants were at least 18 years old, not pregnant, English speaking, and were physically capable of attending scheduled sessions. Written consent was received from all participants and DePaul University's Institutional Review Board approved the study. Of the sample of 114, 16.7% were male and 83.3% were female. The average age at baseline was 43.8 years. In terms of race/ethnicity, 87.7% self-identified as White, 4.4% identified as African-American, 4.4% identified as Latino, and 3.5% identified as Asian-American. All data used in the present analyses come from baseline assessment and only 91 of the total 114 participants were included due to missing data on key variables.
Measures
Physical functioning. A subscale from the Medical Outcomes Study Short-Form 36 was used to assess physical functioning. 26 The SF-36 is a self-report measure of functional status related to health. Scores range from 0 to 100, with higher scores indicating less disability and better functioning. Adequate reliability has been found for this measure.
Post-exertional malaise severity. An item from the Chronic Fatigue Syndrome Medical Questionnaire 27 stating ''Rate the severity of your post-exertional malaise over the past 6 months'' was used to measure PEM severity. Scores range from 0 to 100 with higher scores indicating greater severity. Hawk and colleagues found this item had adequate test-retest reliability. 28 Energy envelope quotient. Participants were asked to rate weekly perceived energy and expended energy on a 100-point scale (0 ¼ no energy; 100 ¼ abundant energy). Perceived energy referred to the participant's approximation of his or her own energy capacity (over the previous week). Expended energy referred to the participant's approximation of the total amount of energy expended (over the previous week). An energy quotient score was calculated by dividing the perceived available energy by the amount of expended energy and then multiplying by 100. Scores greater than 100 indicate that the participant pushes himself or herself beyond his/her energy resources and the higher the number is beyond 100, the more the person is outside of the energy envelope. The energy quotient was used to determine whether or not the participants remained within their available energy resources. Hawk and colleagues found this measure had adequate test-retest reliability. 28 Coping. Coping strategies were assessed using the Brief Coping Orientation to Problems Experienced Scale (bCOPE). 29 This is a frequently used scale with adequate reliability and assesses different ways of coping with stress. The bCOPE assesses problem-focused coping and emotionfocused coping strategies. A total of 28 items are rated on 4-point scales, with scores ranging from 1 (not engaging in the coping strategy) to 4 (engaging in the coping strategy a lot). Fourteen distinct coping strategies are measured. Relevant subscales for the present study included self-distraction, active coping, behavioral disengagement, planning, acceptance, and self-blame. Self-distraction, behavioral disengagement, and self-blame subscales were combined and averaged to form a ''less adaptive coping'' scale. We use the word ''less adaptive'' as it is unclear whether or not some of these strategies might be helpful for individuals with severe illness, who may be using distraction and disengagement to reduce symptoms. The active coping, planning, and acceptance subscales were combined and averaged to form an ''adaptive coping'' scale. We use the word ''adaptive coping'' as there is research suggesting that these strategies are related to better outcomes for patients. The adaptive and less adaptive scales were not significantly correlated with one another. The following scales and reliability coefficients were reported by Carver: 29 
Results

Analytic strategy
A two-step cluster analysis was run to explore potential clusters of individuals with CFS on physical functioning, PEM severity, and energy envelope quotient. We used these three measures as they tap three distinct characteristics of patients: overall physical functioning, the extent that one of the classic symptoms of this illness (PEM) is experienced, and the extent that patients exceed their energy envelope. These three variables are all theoretically related to the Energy Envelope Theory. All variables were standardized before the clustering procedure. To establish an appropriate initial number of clusters, Ward's Hierarchical clustering method was employed. Next, a K-Means non-hierarchical approach was used to examine multiple cluster solutions. Follow-up discriminant analyses were conducted in order to determine whether cluster groups could be differentiated by adaptive and less adaptive coping styles.
Cluster analysis
An appropriate number of clusters was determined by examining the following indices: R 2 , partial R 2 , and the average standard deviation. Given the abrupt jump in values for each of these indices between a 3 and 4-cluster solution, a 3-cluster solution was selected to minimize within cluster variance and maximize between cluster variance. Using the K-Means method, 2-, 3-, and 4-cluster solutions were examined. The 3-cluster solution was easily interpretable and identified 3 very distinct subgroups of patients with CFS, and thus it was selected for further interpretation. Cluster 1 (n ¼ 20) was named ''Symptomatic and Highly Overextended'' as this cluster was characterized by impaired physical functioning, high levels of PEM, and exceeding their energy envelope. Cluster 2 (n ¼ 34) was named ''Less symptomatic and Moderately Overextended'' and was characterized by better physical functioning, low or mild PEM, and moderately exceeding their energy envelope. Cluster 3 (n ¼ 37) was named ''Symptomatic and Mildly Overextended'' and was characterized by impaired physical functioning, high PEM, and only minimally exceeding their energy envelope (see Figure 1 for a graphical representation of the cluster solution using standardized values, and see Table 1 for descriptive statistics for the clusters on each of the un-standardized grouping variables). The clusters did not differ sociodemographically.
Discriminant analysis
A descriptive discriminant analysis was conducted to investigate whether the use of different coping strategies (adaptive and less adaptive) could discriminate the three clusters (see Table 2 for descriptive statistics for the clusters on each of the coping strategies). To test the assumption of homogeneity of within covariance matrices, Box's Test was used. An alpha level of .001 was set. The test was non-significant, X 2 [6] ¼ 11.21, p ¼ .08. Therefore, a pooled covariance matrix was used in the discriminant function. Two functions emerged to separate the clusters, both of which are described in Table 3 . Function 1 was significant, F[4] ¼ 3.31, p ¼ .01, and could account for 10.3% of the variance between groups, as determined by an R c value of 0.32. Function 2 was non-significant, F[1] ¼ 3.37, p ¼ .07, and accounted for only 4% of the variance between groups, as determined by an R c value of 0.19. Only Function 1 was selected for further interpretation.
Structure coefficients were examined next for Function 1 and reported for Function 2 (see Table 4 for the standardized discriminant function and structure coefficients for the three clusters). All of the coefficients for Function 1 were greater than .30, indicating that each coping strategy was significantly correlated with the function. Adaptive coping accounted for 56% of the variance explained by the function, as determined by an r s value of .75, and less adaptive coping accounted for 25% of the variance, as determined by an r s value of .50. By examining the standardized coefficients for Function 1, we can examine the importance of each coping strategy while controlling for the other. Adaptive coping was correlated at 0.88 with the function, suggesting that this measure is predominantly driving the function.
Finally, the group centroids were examined to understand which clusters used each type of coping strategy. Function 1 is largely driven by adaptive coping, and Cluster 3, the Symptomatic and Mildly Overextended group, are high in function 1; therefore, this group was high in adaptive coping. Function 1 separates Cluster 3 from the other two clusters (see Figure 2 for a graphical representation of the group centroids means for each function).
Discussion
In the current study, using a two-step clustering procedure, three distinct CFS subgroups were identified based on participants' self-reported levels of physical functioning, PEM severity, and energy envelope maintenance. Cluster 1 (Symptomatic and Highly Overextended) included individuals highly outside the energy envelope who experienced high levels of PEM severity and impaired physical functioning. This cluster pattern is consistent with the energy envelope theory, which states that individuals who expend more energy than is available will experience worse health outcomes. This is consistent with previous literature that has shown that those who engage in activity pacing and energy monitoring are better at staying within the energy envelope and also experience improvements in health, such as lower levels of PEM severity, depression, anxiety, and improved physical functioning and quality of life. 10 Cluster 2 (Less symptomatic and Moderately Overextended) is also consistent with the energy envelope theory. Participants within this group were better at staying within their energy envelope compared to Cluster 1, experienced higher levels of physical functioning, and were lower on PEM severity. Although this group was still moderately overextended beyond their energy envelope, they were better at maintaining appropriate energy levels and had better PEM symptom and physical functioning outcomes in comparison to Cluster 1.
Cluster 3 (Symptomatic and Mildly Overextended) was comprised of individuals who were the least outside of their energy envelope theory, but were impaired on physical functioning, and had high levels of PEM. Paradoxically, at least according to the energy envelope, individuals in this subgroup were very impaired even though they stayed closer to within their energy envelope.
Through descriptive discriminant analysis, it was revealed that coping strategies explained a small percentage (10%) of the variance in differentiating the three cluster groups. Interestingly, the Symptomatic and Mildly Overextended group (Cluster 3) was primarily driving the cluster separation. Furthermore, this group endorsed using more adaptive coping strategies than all other groups (significantly more than Cluster 2 but only directionally more than Cluster 1). Cluster 3 was about as impaired as Cluster 1 but was comprised of individuals who endorsed the highest use of adaptive coping strategies. When the adaptive coping strategies were examined individually, Cluster 3 was not significantly different than Clusters 1 or 2.
It is possible that energy maintenance and pacing may be associated with improved functioning and less severe symptoms for some individuals (as evidenced by patients in Cluster 2 in contrast to Cluster 1). However, patients in Cluster 3 were closer to remaining within their energy envelope and also used higher levels of adaptive coping, but were more impaired than Cluster 2. It is possible that the patients in Cluster 3 have severe limitations, and have learned to modulate their energy reserves and use a variety of coping strategies in order to deal with their illness.
Camacho and Jason found that patients who had recovered from CFS, those who had not recovered from CFS, and a non-CFS healthy control group were indistinguishable based upon levels of optimism, stress, or social support. 16 Likewise, the current results indicate that the use of more adaptive coping strategies was not associated with decreased symptomatology and increased physical functioning. Many proponents of cognitive-behavioral therapy posit that teaching individuals with CFS how to better cope with their illness will lead to better health outcomes. The current findings suggest that adaptive coping strategies were not associated with improved health. In fact, members of Cluster 3 used the highest rates of adaptive coping but were severely limited in functioning.
In an attempt to further explain the differences between the three clusters, the clusters were compared on the remaining SF-36 subscales. Cluster 3 had significantly worse Bodily Pain when compared to Cluster 2. It is possible that there is an association between the severe symptomatology and functional impairment observed in Cluster 3 and the amount of bodily pain experienced by these individuals. Based on the energy envelope theory, Cluster 3's quotient should be associated with higher functioning than what was observed: the most severe debilitation. Future research could examine pain as a moderating factor between one's energy envelope quotient and other health outcomes.
It should be noted that the distinction between adaptive and less adaptive coping may be more complex for this patient group than for other groups. Given the documented benefits of and patient preference for pacing and staying within one's energy envelope, it is possible that strategies that may be considered ''maladaptive'' for other groups such as avoidance, behavioral disengagement, or self-distraction are, for this population, part of an ''adaptive'' response to low energy and high fatigue levels. Additional studies are needed to determine the validity of the adaptive/maladaptive construct for this patient population.
The current findings may have implications for graded exercise therapy (GET) as an appropriate treatment for CFS. GET, which consists of supervised exercise and promotes gradual increases in physical activity, has been found to be effective in multiple studies. [30] [31] [32] If a GET participant is experiencing increased fatigue, they are encouraged to continue exercising at their current level but not increase their activity until the fatigue has subsided. 30 According to the energy envelope Theory, fatigue is a product of over extension and can be potentially managed by reducing activity. Cluster 2 provides evidence that pacing, rather than pushing one's self to increase activity, is associated with better physical functioning. Further, Cluster 1 suggests that a failure to pace is associated with poor functioning. Interestingly, Cluster 3 was functioning poorly even while pacing most effectively. It is unclear whether Cluster 3 participants would benefit from increased activity levels. However, the general pattern of results does not suggest that pushing beyond one's limits would be beneficial with regards to symptomatology or functionality.
There are several limitations to the present study. For example, the sample was recruited primarily through physician referrals and represents a tertiary-care subgroup of patients. This study needs to be replicated with a community-based sample, as prevalence studies have shown that minorities and individuals of low SES experience similar or higher rates of CFS compared to White individuals of higher SES. 33, 34 Further, the energy envelope quotient is a self-reported assessment of perceived and expended energy and may represent a potential measurement issue. Additionally, further research might attempt to replicate this cluster solution with a larger sample. Future research should also focus on investigating other factors that could discriminate these clusters, beyond coping strategies. More biologically based work that examines potential immune, autonomic, and neurological dysfunction within this patient population could be integrated into this type of research.
